Brine disposal by Underhill, Gary K. et al.
- 
183 
L J  CHAPTER V I 1 1  
BRINE DISPOSAL 
An INTRODUCTION 
Two issues pervade a l l  of geothermal f l u i d s  utilization--the resouree 
and the economics of producing and u t i l i z j n g  i t  and the effluent and the 
economics of disposing of i t  i n  an environmentally acceptable manner. 
Clearly, the resource must be available; its availability, however, will not 
be attractive unless the effluents can be disposed of economically. The 
purpose of this chapter i s  t o  discuss the accumulated evidence concerning 
disposal a1 ternatives from the standpoint of technology, economics, and the 
environment. I t  is  an interesting comntary on our technical and philoso- 
phical outlook that brine disposal has heretofore received dramatically less 
attention from the geothermal industry than has resource assessment and 
production. Although the Texas prciject has also tended t o  be similarly 
'inclined, work, of which this chapter is a brief survey, is now underway i n  
an attempt t o  balance the scale. 
Bg EVIDENCE OF LARGE SCALE El 
Large quantities o f  brine effl the Frasch sulfur 
industry and the o i l  and gas industry are disposed o f  annually along the 
6ulf Coast Plain. As discussed i n  Chapter VII, the Frasch sulfur industry 
currently disposes of its h i g h  sal 
them into bodies of saline water o 
-tory t o  discharge into fresh water 
project being permitted is low. 
used brine p i t s  for o i l  f ie ld  brine disposal 
creeks, salination of potable ground waters, and a change t o  deep, protected 
Maw producing oi l  and gas fields produce large quantities o f  brine 
ty  mine "bleed" fluids by draining 
holding them i n  large ponds prepara- 
am a t  flood stage 
projects of this type are ible the probabf 
me years the o i l  and gas industry 
hat practice led to saline 
subsurface disposal I 
along w i t h  petroleum products; a good example is the East Texas field. 
There the problem was so important that  a special company-the East Texas 
Sal t  Water Disposal Company-was established t o  collect and dispose of the 
brines produced by member operators. The quantities of brine injected daily 
are large, but i t  is important t o  note that the brines are injected over 
b, 
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a very large area. Considerable quantities of saline water (> 3,000 PPW 
dissolved solids) are injected into oi l  and gas fields for secondary recovery 
and pressure maintenance purposes. The Texas Rai 1 road Commission ( 1972) 
reports that secondary recovery saline water injection i n  a l l  Texas districts 
during 1971 amounted to 1.31 x lo9 BBL. Districts 2, 3, and 4, which 
include the Texas Gul f  Coast Plain, had secondary recovery saline water injec- 
t ion  of 218 x 10' BBLs i n  1971 (or about 600,000 BEL/Day) i n 4  an area of 
about 50,000 square miles. 
I t  is true that  not a l l  o i l  and gas field brines are injected into 
producing reservoirs for secondary recovery or  pressure maintenance. The 
volume of fluids not injected for secondary recovery or  pressure maintenance 
is probably much larger than that used for recovery and maintenance. 
Saline water injection s t r i c t ly  for disposal is  performed under approx- 
imately 190 separate permits i n  Nueces County and 150 i n  San Patricio County 
(Railroad Commission, 1975). Many of these operations are located w i t h i n  
the Corpus Christi fairway. The injection zone depths are from 1,000 t o  
7,000 feet  below sea level. The production zones from whtch the f lu ids  
originate are located from 1,000 to  7,000 feet below sea level. Injection 
wellhead pressures range from 50 to1,OOO psia. 
aquifer's performance have not yet been assessed. 
total quantity of fluids received by the reservoir appear not t o  be available. 
However, secondary recovery data from the Railroad Commission (1975) indicates 
t h a t  injection pressures vary from atmospheric t o  2,400 psia a t  wellhead. 
Wellhead flow rates i n  secondary recovery operations are reported t o  range 
from 75 t o  10,000 BBL/Day w i t h  the majority under 5,000 BBL/Day. Accumu- 
lated injection ranges up to  85 x lo6 BBL injected since 1936. The secon- 
dary recovery data indicates only what injection rates and accumulated 
storage volumes have been achieved. As oil  reservoir engineering w i l l  pre- 
vail, actual rates and storage volumes may be very fa r  from those achievable 
or optimum for f l u i d  disposal. The pressures used may be more indicative of 
those required for disposal, although the average porosities and permeabili- 
t i e s  of the traps or structures, from which petroleum production derives, 
may not be indicative of those properties i n  sand bodies i n  large blocks. 
The data available from oi l  and gas operations does not provide 
sufficient detail o r  evidence for assessing the potential o f  subsurface 
disposal. 
Data for the injection flow rates and pressures and the receiving 
Data useful for estimating 
i 
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C,  S P E C I A L I S T  OPINION - SUBSURFACE DISPOSAL L/ 
TWO specialist  organizations have provided opinion concerning the 
potential for  subsurface disposal. A dr i l l i n  ces organi zati on 
considers t h a t  i c t h  of 20;000 BWDay i n t o  5 - 6,000 foot wells of 
reasonable cost is possible. Such wells might inject up t o  400,000 BBL/Day 
into a large reservoir using.20 wells. If operated for 15 years, the receiv- 
f n g  reservoir will need t o  store 2.2 x lo9 BBL. A secondspecialist 
organization notes t h a t  up t o  1,000 gallons per minute (35,000 BBL/Day) can 
be injected i n  a 5--6,000 foot well. Such a well would h 
injection tubing  terminating i n  a gravel-packed, under-reamed injection 
section . 
potential for subsurface disposal, the following steps are necessary: 
The l a t t e r  organization pointed out  that, i n  order t o  determine the 
of the subsurface sands using well log data. 
abil i ty using core data 
(3) Reservoir engi, 
wells and injection well 
ram w i t h  coring, 
testing programs. 
se w i t h i n  the context of 
revention or  limitation; 
corrosion and deposition’ control 
(3) pH control and t a l l o + i  
(4) Eliminat r mitiglation of transient conditions. W 
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i Other technical issues arise which are not common t o  disposal practice for other wastes: 
(1) Temperatures higher than usual. 
(2) Total flow rates and storage volumes abnormally high. 
(3) Possibilities for rapid thermal transients on bypass of 
utilization faci l i  ties--thermal transients may introduce 
chemical kinetics and well expansion effects more severe than 
those previously addressed i n  the disposal and oi l  and gas 
industries, transients i n  total dissolved solids may also 
i 
j 
occur. i 
I D* SURFACE DISPOSAL I 
Surface disposal may not be a viable o r  permittable alternative, b u t  
i t  must be investigated for two reasons: subsurface disposal may not be 
available a t  a given s i t e  and the subsurface disposal permit process requires 
the evaluation of a t  least  some, i f  not  a l l ,  alternatives. The problems 
posed by surface disposal are enumerated below: 
(1) Total quantity of f l u i d s  produced daily. 
(2)  Salinity of f l u i d s  and protection of potable water supplies. 
(3) Requirements for surge protection - 
(a) 
( b )  Utilization system bypass. 
(4) N~xious or poisonous gases removal o r  conversion. 
(5) Dissolved or entrained ovgen prevention o r  m i  tigation; 
corrosion control. 
i 
1 
i 
Pipe1 ine system emergency shutdown. 
( 6 )  Sol ids removal and/or deposition control. 
(7)  Thermal transient prevention or  mitigation. I 
L;. I
I (8) Thermal content of f l u i d s  and thermal enrichment t o  environ- ment near point of disposal. i 
b 
t ( 9 )  Entrained and dissolved solids removal before f l u i d  disposal . 
(10) Creation of appropriate f l u i d  mixing zones t o  eliminate stra- 
i 
I 
! 
t i f icat ian and other effects i n  the recipient water body. 
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U 
.( 11) Maximum sal ini ty  and temperature deviations from natural 
, salinity and temperature envircinment of receiving wa 
(12) Pipeline leakage detection. 
igation of subsidence or seismic event effects upon disposal 
tern integrity. 
imization of economics and energeti impacts of facil i ty.  
(15) Maximum economic distance from utilization faci l i ty  to  dispo- 
sal point. 
(16) I q k t  of topographic features and soil conditions upon design 
, a  
nd economics of disposal system. 
(17) Impact of p i  n environment. 
118) Impact of permitting process and regulations upon design and 
3 economics of disposal system. 
Evidence that these issues have been systematically studied seems not 
Petroleum operators and Frasch sulfur operators no doubt to 
have studied some or  most aspects of this problem. Such information is 
probably proprietary. Work needs t o  be done t o  investigate each of these 
problems so that  the surface disposal alternative can be properly appraised 
i n  comparison t o  subsurface disposal. 
r .  
. .  . .  
188 
E, SUMMARY A N D  RECOMMENDATIONS 
Disposal of effluent brines from geopressured geothermal tes t  or 
fac i l i t i es  is a key issue ranking i n  importance w i t h  resource 
assessment. 
activit ies required i n  the assessment, production, and u t i l i za t ion  of the 
geopressured geothermal fl u i  ds. Because disposal i s  such an important issue, 
alternative disposal methods need t o  Be evaluated both during the s i t e  selec- 
t ion process and the detailed evaluation of the selected s i te .  
In fact, the resolution of this issue involves a13 of the 
Action upon the following recommelcidatlons is essential : 
(1) Perform parallel preliminary subsurface and surface disposal 
studies for each of the potential s i tes  which otherwise cannot be 
eliminated. These studies should develop sufficient information t o  
enable "Go/No Go" decision making for each disposal method for each 
potential s i te .  The "Go/No Go" determination should judge each s i t e  
w i t h  respect t o  its ultimate comnercialization potential, i ts permit- 
tabil i ty,  and the possible restrictions regulatory agencies might impose. 
The subsurface study will include: 
(a) Geology review of possible sand bodies and their  asso- 
ci ated aquacludes and growth faults 
(b) A reservoir engineering review of reservoir pressure and 
storage characteristics 
(c) A review of subsurface environment. 
(d )  An engineering review of potential comnercial injection 
rates and to ta l  storage required. 
(e) Review of permi t t a b i  1 i t y  w i t h  k g u l  atory agencies. 
( f )  Brief Economic review. 
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The surface stu4y will address: 
(a') Geological review t o  determine growth fmlts, zones of 
potential and actual subsidence, and soi 1 and foundation 
conditions. 
( b ' )  Topography review t o  establish potential disposal s i t e s  
(c') Environmental review t o  establish cr i t ical  o r  delicate 
and pipeline routes. 
environmental parameters. 
( d ' )  Technical review to  establish concepts for dispersion i n  
receiving water body, for thermal degradation methodology, 
for pipeline monitoring, and for pipeline design metho- 
dol ogy . 
(e ' )  Review of permittability of comrcial-sized fac i l i ty  by 
discussion w i t h  regulatory agencies. 
( f ' )  Economics review to  estimate feasibility. 
(2) Perform parallel detailed subsurface and surface disposal 
studies for the recommended site. These studies will develop a l l  of the 
necessary information for establishing the technical , environmental , 
energetic, and economic feasibil i ty of each alternative. The activi- 
ties will result i n  detailed studies of each o f  the review categories 
proposed i n  the preliminary studies. In addition, the permit process 
for the selected alternative shbuld be pursued perhaps to the point of 
obtaining an actual permit for  a comrcial-sized facil i ty.  
Action upon the preceding recornendations must' proceed rapidly i f  s i t e  
selection is to  be completed i n  time for test well d r i l l i n g  sometime during 
1977. 
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